In all areas of the arterial system three anatomical layers can be distinguished. The innermost, the intima, is composed of a single layer of endothelium with a thin supporting framework of connective tissue. The internal elastic lamina ( fig.  1 ) separates the intima from the media. The aortic media is rich in elastic tissue, but in the majority of medium sized arteries, such as the coronaries, smooth muscle predominates. The outermost layer, the adventitia, is connective tissue. Small blood vessels, the vasa vasorum, enter the media from the adventitial aspect and supply much of the media. The intima and the inner media survive by direct diffusion from the vascular lumen.
Significant vascular abnormalities occur in normotensive elderly subjects. Although there is considerable individual variation, changes are rare before 40 and most common after 70 years. The major alterations are in connective tissue. Collagen turnover decreases with age and there are changes both in amino acid composition and the degree of cross-linking between individual fibrils (Prokop et al., 1979) . The recoilability of elastin is impaired and there is excessive accumulation of mucopolysaccharide ground substance. In the aorta the net effect of these changes is to reduce both the strength and elasticity of the wall. Progressive dilatation is a common ageing phenomenon (Mitchell and Adams, 1977) . In the ascending aorta this can lead to stretching of the aortic valve ring and aortic incompetence.
Dilatation is often pronounced in the lower abdominal segment and, in combination with atherosclerosis, produces aneurysms.
Age-related changes in muscular arteries are often termed arteriosclerosis. Even arterioles, vessels with an outside diameter of less than 100 um, can be affected. Characteristic alterations include smooth muscle hypertrophy and reduplication of the internal elastic lamella ( fig. 2) by the formation of several extra layers of collagen. Intimal fibrosis and thickening of the basement membrane synthesized by the endothelial cells serve to reduce further the diameter of the vessel. However, this reduction is seldom as marked as in hypertensive disease (Davidson, Talner and Down, 1969) . All parts of the arterial tree can be affected by arteriosclerosis, but the changes have been most extensively studied in the kidney. However, it is far from certain that all ageing changes in the kidney are the result of vascular insufficiency (McLachlan, 1978; Darmady and Maclver, 1980) . Although little is known of the aetiology of age-related vascular disease, there is no doubt that arteriosclerosis is an important cause of morbidity, contributing to the high frequency of cardiac, cerebral, colonic and renal ischaemia in the geriatric population. The clinical effects become most apparent when the cardiovascular system is stressed by haemorrhage, major surgery, infection or shock.
ATHEROSCLEROSIS
Although atherosclerosis has been recognized as a distinct disease process for several centuries, there is little doubt that its frequency has increased dramatically over the past 50 years. Large and medium sized arteries are primarily affected and a wide range of clinical disorders results (table II) . There are several different types of early lesion (Haust, 1971) , but the advanced fibrolipid plaque is the only type of deposit of clinical importance ( fig. 3 ). Progressive enlargement of these lesions can virtually obstruct the lumen of vessels, but FIG. 3 . A diagrammatic representation of an atheromatous plaque. There is a central area of necrosis (n) surrounded by macrophages (arrow). Haemorrhage in this area is responsible for the crystalline deposits of cholesterol. The overlying fibrous cap is largely collagen (thin lines), but also contains a little elasrin (thicker lines). In due course the necrotic area will enlarge and further erode the smooth muscle layer (m).
important additional complications are haemorrhage into the plaque and thrombus formation ( fig.  4) . Rupture of the endothelial covering with exposure of underlying collagen may well be the stimulus to thrombus formation, besides permitting seepage or massive loss of blood from the lumen into the plaque itself. The importance of haemorrhage and thrombus formation as complications of atherosclerosis cannot be overemphasized. For example, coronary arteriography performed within 4 h of acute myocardial infarction has demonstrated total coronary arterial occlusion in more than 80% of cases (De Wood et al.j 1980) . Furthermore, careful dissection of the coronary arteries in patients dying with established myocardial infarcts reveals coronary arterial thrombi in the vast majority of cases (Davies, Woolf and Robertson, 1976) . Very little is known of the mechanisms which influence where and when plaques develop.
•-. Lesions often occur close to arterial bifurcations and haemodynamic factors are clearly of major importance (Stehbens, 1975) . Nevertheless, one of the most striking features of atherosclerosis is the wide variation in the distribution of lesions between individuals, even in the same population group. It now seems unlikely that true atheromatous plaques develop from the fatty streaks so commonly seen in the aorta and coronary arteries of young people (Velican and Velican, 1980) . Equally, the relationship between atherosclerosis and the age-related changes described above is uncertain.
Aetiology of atherosclerosis
Pathologists have argued for more than a century about the cause of atheroma. Although the wide range of accepted risk factors (table III) suggests a multifactorial aetiology, most attention has focused on the role of dietary lipid and serum lipoproteins and of endothelial injury and subsequent thrombosis (table IV) . The earliest lesion is assumed to be an area of endothelial damage or ulceration. Experiments in animals suggest that endothelial injury may be a natural wear-and-tear phenomenon and is accelerated when blood flow is turbulent (Reidy and Bowyer, 1977) or animals are exposed to carbon monoxide (Astrup, 1972) or tobacco smoke (Woolf, 1978) . Endothelial injury is rapidly followed by platelet aggregation and thrombus formation (Davies et al., 1975) . If the original injury is repeated, or becomes persistent, further cycles of endothelial necrosis, thrombus formation and repair inevitably lead to intimal thickening (Ross and Glomset, 1976) .
Paradoxically it is smooth muscle cells derived from the arterial media, rather than fibroblasts, which produce the connective tissue of atheromatous lesions (Haust, More and Movat, 1960;  Ross, 1971 ). Tissue culture experiments have shown that factors derived from platelets, the serum of diabetic or uraemic patients and the low density lipoprotein component of plasma are potent stimulators of smooth muscle cell proliferation (Rutherford and Ross, 1976; Wissler, 1979) . It may well be that, in vivo, such factors are responsible for the inexorable growth which transforms a flat harmless plaque into the ' =>TW obstructive lesion so liable to complications such as haemorrhage and thrombosis. Besides fibrous tissue, all atherosclerotic deposits contain some lipid. Biochemical and immunological studies have emphasized that cholesterol esters and low density lipoprotein are markedly increased in atheromatous lesions (Adams, 1973; Smith, 1974) . Clearly, the mechanisms responsible for this accumulation are as important as those which produce the initial endothelial injury.
Many different epidemiological studies have demonstrated a close and independent association between an increased plasma cholesterol concentration and a history, or increased likelihood of developing coronary heart disease (Kannel, 1976; Pelkonen et al., 1977) .
In the circulation, cholesterol is bound to carrier proteins secreted by the liver and the small intestine. The frequency of atherosclerotic disease is directly proportional to the concentration of cholesterol bound to low-density lipoprotein, but is inversely related to high density lipoprotein cholesterol concentrations (Glueck et al., 1976; Gordon et al., 1977) .
Many different tissues can synthesize cholesterol, but significant amounts can be eliminated from the body only via the bile. Two separate enzymes, lecithin acyl transferase (LCAT) and lipoprotein lipase (LPL), are now known to act at the endothelial surface. A complex biochemical cycle involving different structural forms of highdensity lipoprotein and LCAT is currently thought to control the transport of cholesterol between the peripheral tissues and the liver (Miller, 1979) .
Given that the formation of a platelet thrombus is the initial response to endothelial necrosis, any factors which influence the aggregation of platelets must have particular relevance to the formation of atheromatous lesions. A series of prostaglandins has been identified which have powerful, and in some ways entirely opposite, effects on platelet and vascular physiology (Moncada and Vane, 1978) . In blood platelets arachidonic acid is metabolized via prostaglandin endoperoxides to thromboxane A 2 (TXA 2 ). In contrast, in blood vessels and in the lungs an entirely separate compound, prostacyclin (PGI 2 ) is produced. TXA 2 is a powerful vasoconstrictor and promotes the aggregation of platelets, whereas PGI 2 has vasodilator properties and inhibits platelet aggregation. It has been suggested rhar a balance between these two arms of the arachidonic acid metabolic pathway may be an important homeostatic mechanism in thrombosis and that manipulation of this balance towards the production of prostacyclin could be valuable in the management of thrombotic and obliterative vascular disorders.
The observation that prostacyclin generation is reduced in arterial tissues of rabbits fed with cholesterol suggests that prostaglandins might play a role in the aetiology of atheroma (Gryglewski et al., 1978) . A vicious cycle can be postulated in which the development of an atheromatous plaque is associated with reduced prostacyclin production. The resultant relative excess of thromboxane A 2 would favour platelet aggregation and thrombus formation, events that can only accelerate the further development of atheromatous lesions.
A rather different view of the proliferative process in atherosclerosis was advanced by Benditt and Benditt (1973) . Their studies of glucose-6-phosphate dehydrogenase (G6PD) isoenzyme patterns in postmortem samples of aorta indicated that early atheromatous lesions, like benign neoplasms such as uterine leiomyomas, had developed from a single cell, or a single clone of cells. The concept of atherosclerotic plaques as disordered growth processes raises the question of mutagenicity in atherosclerosis. No definite mutagens have yet been identified, but Benditt (1977) has speculated on the role of cholesterol derivatives, aryl hydrocarbons carried in the blood bound to lipoproteins, and substances related to smoking.
Prevention, regression and treatment of atherosclerosis
Reports of substantially diminished atherosclerosis in severely malnourished concentration camp victims first suggested that atheroma might be a reversible process. Experiments in monkeys have confirmed that arterial disease induced by high fat diets can be reversed when a low fat ration is substituted (Gresham, 1976; Wissler, 1978) . However, the major dietary changes that can be inflicted on experimental animals are generally unacceptable to human patients. Reviewing the result of recent trials aimed at the prevention of atherosclerotic disease Lewis (1980) has emphasized that reduction in plasma cholesterol of the order of 20% is necessary to ensure a therapeutic result. Changes of this magnitude have been reported using diets in which animal protein is completely replaced by vegetable preparations such as soya flour (Descovich et al., 1980) . On a more practical basis, it is wise to advise patients at risk to reduce the total proportion of energy derived from fat, to increase consumption of fibre, such as bran, and wherever possible replace animal by vegetable protein (Shaper and Marr, 1977; Lewis, 1980) . Man's innate reluctance to alter his dietary habits has led to a search for drugs with a hypocholesterolaemic effect. These can be divided into compounds interfering with bile acid or neutral sterol absorption from the intestine (e.g. cholestyramine) and drugs with a primary action on plasma lipid transport (e.g. clofibrate).
A double-blind trial in three European centres demonstrated that clofibrate reduced both serum cholesterol concentrations and the frequency of non-fatal myocardial infarcts. Inexplicably, the crude mortality rate was significantly greater in clofibrate-treated patients, as was the frequency of gall bladder disease (Report of the Committee of Principal Investigators, 1980). Clofibrate could not therefore be recommended as a lipid-decreasing agent for community-wide use. Cholestyramine can produce reductions in plasma cholesterol concentrations of the order of 25-40% in patients with familial hypercholesterolaemia. However, it is an unpalatable drug and compliance rates in a recent long-term study in children were only 60% (West, Lloyd and Leonard, 1980) . Sulphinpyrazone and aspirin both inhibit platelet prostaglandin synthesis and platelet aggregation. Sulphinpyrazone does appear to prevent sudden cardiac death in the high-risk period shortly after acute myocardial infarction (Anturan Reinfarction Trial Research Group, 1980) . Total mortality in the first year after infarction is not significantly reduced by aspirin 300 mg three times a day, although the hospital admission rate is somewhat diminished (Elwood and Sweetnam, 1979) .
A further approach is the use of betaadrenoceptor blocking agents. Results to date are somewhat equivocal, although it would appear that beta blockade is beneficial after infarction in patients aged less than 65 years (Anderson et al., 1979) .
Until such time as the exact pathogenesis of atherosclerosis is established, prevention can only be based on the reduction, or elimination, of known risk factors (Joint Working Party, 1976) . In the United States, where there has been an undoubted recent reduction in the frequency of fatal coronary heart disease, community-wide awareness of these is probably greater than in Europe. Changes in die . , reduction in smoking, better control of hypertension, improved management of acute myocardial infarction and coronary artery bypass surgery are all felt to have contributed to this phenomenon (Stern, 1979) . The frequency of coronary heart disease may have stabilized in the United Kingdom, but as yet there is no evidence of a significant decrease.
ANEURYSMS
An aneurysm is a localized dilatation of part of the vascular system.The very fact that dilatation has occurred implies that the vessel wall has been weakened. The commonest cause of this is pro-gressive destruction of the aortic medial elastic tissue by atheroma (table V) .
Atherosclerotic abdominal aortic aneurysms frequently rupture into the retroperitoneal space. The classical clinical triad of hypotension, pain and a pulsatile mass is not always present (McGregor, 1976) . The only effective treatment is surgery, although the operative mortality is high. Hypotension before operation is a bad prognostic sign, but there is no one group in which surgery holds no hope of saving life (Butler, Chant and Webster, 1978) .
They are widely considered to be the precursors of primary intracranial haemorrhage in hypertensive subjects. Fibrinoid necrosis of the capillary wall (see below) may be a preliminary change. In syphilitic and mycotic aneurysms, inflammation is responsible for the weakening of the vessel wall. Both conditions are now rare.
HYPERTENSIVE DISEASE
Hypertension has been defined as "a disorder in which the basal level of arterial pressure is higher The underlying pathology of dissecting aneurysms is the age-related degeneration of the mid-portion of the aortic media. If a small intimal tear exposes this area of potential weakness to the systolic force of the aortic stream, blood "dissects" the aortic wall into two layers. Without treatment the mortality rate is 50% in 48 h, and 90% within 1 week. The immediate aim of medical treatment is to contain the propagating haematoma by reducing arterial pressure to less than 130/90 mm Hg (Slater and De Sanctis, 1979) . Surgical repair is now feasible in many patients.
In so-called "berry" aneurysms of the circle of Willis, the normal muscular arterial wall is replaced by fibrous tissue. The lesions arise at the site of gaps in the muscle of the media and are commoner in patients with hypertension. The most important complication is subarachnoid haemorrhage. Capillary microaneurysms can be found along the course of arteries such as the lenticulo-striate branch of the middle cerebral. than that expected for the sex, age and race of the person." Smith (1977) has described the normal distribution of arterial pressure in an American population.
Although this definition should help to separate the vascular changes of benign longstanding hypertension from those caused by normal ageing, the distinction is not clear cut. This suggests that some of the vessel abnormalities of the elderly may correlate with arterial pressure even if the subject is within the "normotensive range". Further difficulties arise in the recognition of malignant hypertension. Clinical features such as headache and blurring of vision are unsatisfactory discriminants (Bulpitt, Dollery and Carne, 1976) . Papilloedema, fundal haemorrhages and exudates are more useful (Kincaid Smith, McMichael and Murphy, 1958) , as is the recognition of a rapid and prolonged increase in diastolic pressure and the detection of fibrinoid change in a biopsy (Heptinstall, 1974; Mandal et al., 1977) .
Hypertension accelerates atherosclerosis, but the deposits have the same content and distribution as in normotensive subjects. Another change in longstanding and severe hypertension is thickening of the media of muscular arteries. This is the result of hyperplasia of smooth muscle cells and the deposition of extra layers of collagen close to the internal elastic lamina. Arterioles are also affected in hypertension. Marked intimal thickening produces a slit-like lumen. Surprisingly, the media is often thinner than normal, probably because of ischaemic atrophy of smooth muscle.
Hypertensive intimal thickening is a result of myoflbroblasts, collagen, excess basement membrane and large deposits of plasma protein, which are called "hyaline" in benign and "fibrinoid" in malignant hypertension ( fig. 5 ). Although there are no satisfactory correlative studies, the quantity of accumulating protein probably depends on the arterial pressure. Hypertension presumably increases the normal flow of protein into the vessel wall and also the amount of high molecular weight
FIG. 5. Arteriole in malignant hypertension. There is fibrinoid change in the wall (arrow) and thrombus in the lumen (t).
Haematoxylin and eosin. x 300.
protein, such as fibrinogen, that passes through the junctions between endothelial cells. Very great pressures, as in malignant hypertension, are associated with large protein deposits. In addition to IgM, fibrinogen-nbrin and complement (C3), there may be red blood cells, suggesting structural damage to the endothelium. In contrast to immune complex vasculitis, the type of protein detected in hypertension, whether benign or malignant, is unrelated to any form of immunological reaction. Experimental studies have clearly demonstrated the leakage of carbon and other tracer materials into the subendothelial space of vessels in hypertension (Huttner, More and Rona, 1970; Goldby and Beilin, 1974) . The site of entry is between the endothelial cells in mild hypertension, but through damaged cells in severe hypertension. The cellular component of the thickened intima results from migration of myofibroblasts from the media, through naturally occurring fenestrae or hypertension-induced fractures of the internal elastic lamina. Proliferation and migration occur within 10 weeks of inducing hypertension (Wolinsky, 1912) , but the causes are not known.
The effects of hypertension are well-recognized. Major complications occur in cardiovascular, cerebral and renal systems. Atheromatous aortic disease and coronary heart disease with heart failure are frequent. The large hypertrophied left ventricle is particularly at risk from ischaemia, when pressures suddenly decrease in shock or over-enthusiastic hypotensive regimens. Major cerebrovascular accidents result from ruptured congenital aneurysms of the arteries in the circle of Willis and from microaneurysms (Charcot-Bouchard aneurysms) in the cerebral white matter (Pickering, 1970) . Diffuse renal ischaemia leads to tubular atrophy with loss of concentrating abilities. This is particularly important in dehydrated elderly surgical patients who already have age-related loss of their loops of Henle (Darmady, Offer and Woodhouse, 1973) . Glomerular damage is not marked at this stage but it occurs later, with eventual renal failure.
DIABETIC VASCULAR DISEASE
Patients with diabetes, particularly juvenile onset insulin dependent diabetes, develop three forms of vascular disease. Atherosclerosis is often severe (Stout and Vallance-Owen, 1969 ) and predictably involves the aorta and larger arteries.
Hypertensive vascular disease is a frequent complication, especially when there is advanced renal disease.
The most important change is diabetic microangiopathy. The alterations can be found throughout the systemic circulation and can be viewed Hirecrly in the retina. Disease of the renal vessels is of particular clinical importance. Arterioles and capillaries are typically affected. The pathology is complex and includes basement membrane thickening (Westberg, 1976) , intimal fibrosis and increased vessel wall permeability. The degree of basement membrane thickening is related to the duration and severity of the diabetes, and the adequacy of its control (Williamson and Kilo, 1977) . It is riot clear if the thickening is the result of increased production or decreased removal of basement membrane. In the kidney, the changes cannot be detected until 18-24 months after the onset of disease.
Although thickened, the basement membranes are excessively permeable to plasma proteins. Large subendothelial protein deposits (fibrinoid change, hyaline change) are characteristic ( fig. 6 ). Although the deposits may contain immunoglobulins and complement, there is no evidence that an immunological reaction is involved. It is generally considered that the changes arc die icsult of increased passive transudation of protein from the vessel lumen. At a later stage the basement membrane, which has become progressively thicker, starts to lose permeability, and renal failure supervenes. The intimal thickening of arterioles in diabetes is similar to that seen in ageing and hypertensive vessels (hyaline arteriolosclerosis).
IMMUNE COMPLEX VASCULITIS
It is now recognized that several different vascular disorders have an immunological basis (Theofilopoulos and Dixon, 1980) . The essential pathology is deposition of complexes of antigen and antibody in the vessel wall ( fig. 7) . Immune complexes are not inherently harmful, but by activating complement they attract polymorphonuclear cells and trigger the coagulation system. Only certain sizes of complex localize in vessels. Those composed of more than two molecules of antigen and antibody are harmlessly degraded by macrophages in the liver and spleen (Haakenstadt and Mannik, 1974) . Very small complexes arc trapped in the capillaries of renal glomeruli, the lungs and the choroid plexus. It is the intermediate-sized deposits which localize in the walls of arteries, arterioles and venules. Other factors, such as increased arterial pressure and local vascular turbulence, have a bearing on where complexes lodge. Focal trauma, as in the vasculitic lesions in the buttocks in Henoch-Schonlein syndrome, and venous stasis are also important. Much of the current knowledge of immune complex vasculitis has been derived from experiments in which animals have been injected with antigen or antigen-antibody complexes (Cochrane and Koffler, 1973) .
One of the major variables in the different clinical types of immune complex vasculitis is the size of the vessels affected (table VI). In many instances the antigenic component of the immune complex has not been identified. Furthermore, autoantibodies, which can play a pathological role in conditions such as systemic lupiis erythematosus, are also found in other disorders in which they do not appear to form immune complexes.
There is another mechanism by which immune complexes can localize within vessel walls. If antigen is first deposited, circulating antibody may subsequently enter the vessel wall and fixation of complement may follow. This might well be the sequence of events in systemic lupus erythematosus.
In most immune complex disorders the pathological changes in the vessels are similar. A dense infiltrate of neutrophils or eosinophils is often present and is useful in distinguishing the lesions from those of malignant hypertension ( fig. 8 ). Protein accumulates in the intima and media and both immunoglobulin and complement are usually detectable. The antigen, if known, should be demonstrable in the same position.
Complications of the vasculitis include thrombotic occlusion of arteries, arterioles and venules with resulting ischaemia or infarction. Multiple sites are usually involved at the same time and both skin and kidney are favoured targets. Inflammation and increased vascular permeability of capillaries causes petechial haemorrhages and haematuria (Henoch-Schonlein syndrome), whilst destruction of part of the wall of larger vessels leads to aneurysms (polyarteritis nodosa). Steroids have been the mainstay of treatment in most types of vasculitis. Recent evidence suggests that cyclophosphamide may be effective in severe polyarteritis nodosa (Fauci et al., 1979) and Wegeners granulomatosis (Reza et al., 1975) .
VASCULAR DISEASES OF UNKNOWN AETIOLOGY

Cranial arteritis {temporal or giant cell arteritis)
Cranial arteritis was first recognized by Hutchinson, who in 1890 described an 80-year-old man who was prevented from wearing his hat by tender and inflamed temporal arteries. Although the arteries of the head and neck are most frequently involved, almost any part of the arterial In florid clinical cases the superficial temporal artery is hard, tender and pulseless. Microscopically there is marked intimal thickening and a dense, sometimes granulomatous, chronic inflammatory and giant cell reaction. This is often centred in and around the elastic lamellae ( fig. 9) . It is conventional to confirm the clinical diagnosis by biopsy, but in our experience this is positive in less than 60% of apparently genuine cases which subsequently respond to steroid therapy (Allsop and Gallagher, 1981) . Focal involvement of the superficial temporal artery by the disease is probably responsible for this high false negative rate. The aetiology of cranial arteritis is obscure.
Pulseless or Takayasu's disease is an exceedingly rare inflammatory disorder of the aorta and its major proximal branches. Most patients are -V, V-:. y-* young or middle aged females who present with ischaemic symptoms in the arms or head. Characteristically, there is a severe necrotizing arteritis. The histological similarity to giant cell arteritis, and to a lesser extent the vascular changes in the collagen disorders, raises doubt as to whether Takayasu's disease is a distinct pathological entity.
Scleroderma {systemic sclerosis)
The vascular changes of scleroderma are similar to those of benign or malignant hypertension, but only 20% of patients are hypertensive. Muscular arteries and arterioles are narrowed by newly formed layers of collagen and mucopolysaccharide. Protein deposits are frequently present, but are not invariable.
The cause of this curious disorder is unknown. Jayson (1977) has postulated an abnormality of collagen synthesis. Although circulating autoantibodies to RNA and DNA are present in most patients there is no evidence that immune complexes are deposited.
Buerger's disease {thrombangitis obliterate)
This rare disease is more strongly associated with smoking than any other vascular disorder. Most patients are young males; Jews are affected twice as commonly as non-Jews. The clinical picture is often distinctive. Peripheral gangrene develops in the fingers and toes, but the changes are progressive and serial amputations are often required.
The pathological alterations are less specific, particularly in patients older than 45-50 years. Small arteries are primarily involved and show marked intimal fibrosis and thrombus formation. In the cases we have seen the media was relatively normal and the necrosis so characteristic of atherosclerosis was absent. Apart from the striking association with heavy smoking, little is known of the aetiology of Buerger's disease.
